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ENERGY SUPPLY

Mineral usage, t/MWh

• Coal (2)

• Natural gas (1)

• Offshore wind (15)

• Onshore wind (10)

• Nuclear (5)

• Solar panel (3)

Towards Net Zero,
from oil to renewable energy, 

from oil to minerals usage
Source: IEA
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EVConventional car

Mineral usage (KG/Vehicle)
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Mankind has so far mined 700,000,000 tonnes of 
copper of which 80% is still in use
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“If 2008 was a financial crisis, this is a molecule crisis

We’re out of everything,

I don’t care if it’s oil, gas, coal, copper, aluminium, you 

name it we’re out of it.”

Jeff Currie, Global Head of 
Commodities Research
Goldman Sachs 
February 2022
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26.4. Lundström

Upcoming
EU battery
regulation

• Transparent information about the
recycled content required

• 2030: Minimum required recycled
contents in battery: 4% Li, 4% Ni, 12% Co

• 2035: Minimum required recycled
contents in battery: 10% Li, 12% Ni, 20% Co

• Element specific recuirements for recycled 
amount of Li, Cu, Ni, Co

Photo: Valeria Azovskaya

Battery content source modified 
from F. Larouche et al. Materials 
13(3), 801

Cathode: 
Al - current collector (5%)
Co, Ni, Li, Mn - active materials (32%)
Binders

Anode:
Cu - current collector (8%)
Graphite (14%)

Separator i.e Porous membranes (3%)
polymers

Electrolyte salts: LiPF6, LiBF4…(14%)
Organic solvents: ethylene/dimethyl/diethyl carbonate
Casings: Fe / other metals (polymers) (18%)
(Contamination of other battery types)
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More mining and refining needed!
Recycling development needed!

• Recycling can fullfill <10% of raw material needs for batteries 2030

• 2040 already almost 50% of battery materials can be achieved by recycling

• 2050 ~80% of battery nickel and cobalt can be achieved by recycling
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One of the three metallurgical technologies  (Pyro-, Hydro- and Electrometallurgy)

Hydrometallurgy

Leaching
Purification& 

separation
Metal 

precipitation 

Metal production 
(Cementation, gas 

reduction, 
electrowinning)

Separation & removal of 
impurities (precipitation, 
cementation, solvent extraction, 
ion-exchange, ionic liquid, etc.)

Dissolution of minerals or 
metals into an aqueous 
solutions (acid, alkaline, 
salt, or water)

Raw materials Metal product

3 types of unit operations 
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Advantages

• High selectivity over certain minerals or metals

• Suitable for low grade or complex ores, solid waste

• Flexibility and high modularity

• Efficient for removal of the harmful species and recovery of valuable metals

• Lower energy consumption in many cases and thus a low CO2 emissions

• Lower capital and operational costs compared to pyrometallurgical processes

Limitations
• Lower productivity, and complex flowsheet

• Generation of large amount of effluent and solid residues

• Sometimes higher energy consumption in particular for sulphide concentrates

Hydrometallurgy
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Applications of hydrometallurgy

Primary metals extraction and refining – mature technologies
• Zinc production (80%): roasting - leaching – electrowinning (RLE) 

• Copper extraction (20%): leaching - solvent extraction - electrowinning (SX-EW process)

• Aluminium: alumina refining from bauxite (100%) - Bayer process

• Nickel & nickel - cobalt separation

• Gold production - cyanidation process: leaching - electrowinning

• REE extraction: leaching of REE minerals for RE oxide production (in combination with pyro- and 
electrometallurgy)

• Uranium: Na2CO3 based leaching process for U extraction. 

Metals Recycling - emerging
• Industrial residues, EoL products and various types of scrap

• Already used for refining after pyrometallurgical processing 



Supported by:

10

Organisation of the events in the project

Introductory course
Fundamental knowledge about 

hydrometallurgical processes and 

typical unit operations and industrial 

applications

Introductory course 2020
Norway - Online

Introductory course 2021
Netherland - Online 

Introductory course 2022
Finland - hybrid

International seminar
Challenging issues in hydrometallurgical 

processing, sustainability, value chain in 

metals production and supply

International seminar
2020, Sweden - Online

International seminar
2021, Finland - hybrid

International seminar 
2022, Greece - hybrid

Advanced course
Important and advanced 

processes for the industrial 

applications 

Advanced course 2020
Sweden - Online

Advanced course 2021
Finland - hybrid

Advanced course 2022
Greece - hybrid

https://www.ntnu.edu/
https://www.mytilineos.gr/en-us/home/mytilineos-holdings-corporate-website
https://www.ntua.gr/el/
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Schedule: Advanced course in Hydrometallurgy 
Hybrid 21-22 Nov 2022
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Schedule: International seminar
Hybrid 23-24 Nov 2022
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Concluding remarks

• Hydrometallurgy is a flexible and efficient technology, already used in many non-ferrous 
metals production and refining.  

• It is being used more and more for treatment of low grade and complex ores, and 
secondary raw materials.

• Hydrometallurgy can be effectively used for rare and scarce metal recovery from 
concentrated or dilute waste streams from waste materials in recycling industry.

• Hydrometallurgy dominates the world zinc production, and will be playing more 
important role in metals production from both primary and secondary resources.

• Sometimes, a combined route of pyro- and hydrometallurgical processing is more efficient 
and the best option!

• Hydrometallurgy is a fascinating world of process metallurgy!


